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INPUT REFERENCE SIGNALS FOR MOBILE STATIONS
UE1-UEn TO CHANNEL ESTIMATION SECTION 214

' Y

ESTIMATE CHANNEL PERFORMANCE OF MOBILE
STATIONS UE1-UEn FROM INPUT REFERENCE SIGNALS

! 52

DETERMINE MOBILE STATIONS INVOLVED IN
COOPERATIVE COMMUNICATION FROM CHANNEL
PERFORMANCE OF EACH MOBILE STATION

! 53

REQUEST ANOTHER BASE STATION eNB2 TO TRANSMIT
CHANNEL PERFORMANCE OF MOBILE STATION
INVOLVED IN COOPERATIVE COMMUNICATION,

WHICH IS ESTIMATED BY OTHER BASE STATION eNB2

' 4

RECEIVE CHANNEL PERFORMANCE OF MOBILE
STATION INVOLVED IN COOPERATIVE COMMUNICATION,
WHICH IS ESTIMATED BY OTHER BASE STATION eNB2

* £95

ALLOCATE BANDS ORTHOGONAL TO EACH OTHER IN
FREQUENCY DOMAIN TO ALL MOBILE STATIONS UE1-UEn

! 56

NOTIFY OTHER BASE STATION eNB2 OF BAND
ALLOCATION FOR MOBILE STATION INVOLVED IN
COOPERATIVE COMMUNICATION

! 57

NOTIFY ALL MOBILE STATIONS
UE1-UEn OF BAND ALLOCATIONS

END
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FIG. 12

START
510

INPUT REFERENCE SIGNALS FOR MOBILE STATIONS
UE1-UEn TO CHANNEL ESTIMATION SECTION 214

v 511

ESTIMATE CHANNEL PERFORMANCE OF MOBILE
STATIONS UE1-UEn FROM INPUT REFERENCE SIGNALS

' 512

DETERMINE MOBILE STATIONS INVOLVED IN
COOPERATIVE COMMUNICATION FROM CHANNEL
PERFORMANCE OF EACH MOBILE STATION

' 513

ALLOCATE BANDS ORTHOGONAL TO EACH OTHER IN
FREQUENCY DOMAIN TO ALL MOBILE STATIONS UE1-UEn

' _s14

NOTIFY ANOTHER BASE STATION eNB2 OF BAND
ALLOCATION FOR MOBILE STATION INVOLVED IN
COOPERATIVE COMMUNICATION

' _S15

NOTIFY ALL MOBILE STATIONS
UE1-UEn OF BAND ALLOCATIONS

END
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FIG. 13

START
520

INPUT REFERENCE SIGNALS FOR MOBILE STATIONS
UE1-UEn TO CHANNEL ESTIMATION SECTION 214

v 51

ESTIMATE CHANNEL PERFORMANCE OF MOBILE
STATIONS UE1-UEn FROM INPUT REFERENCE SIGNALS

' 522
5
DETERMINE MOBILE STATIONS INVOLVED I
COOPERATIVE COMMUNICATION FROM CHANNEL
PERFORMANCE OF EACH MOBILE STATION

' $23
e
ALLOCATE BANDS ORTHOGONAL TO EACH OTHER IN
FREQUENCY DOMAIN TO MOBILE STATIONS
UNINVGLVED IN COOPERATIVE COMMUNICATION

' Y

ALLOCATE BANDS TO MOBILE STATION INVOLVED IN
COOPERATIVE COMMUNICATION AND MOBILE STATION
UNINVOLVED IN COOPERATIVE COMMUNICATION WHILE

PERMITTING ALLOCATED BANDS TO OVERLAP
IN FREQUENCY DOMAIN

' 525

NOTIFY ANOTHER BASE STATION eNB2 OF BAND
ALLOCATION FOR MOBILE STATION INVOLVED IN
COOPERATIVE COMMUNICATION

' .$2%

NOTIFY ALL MOBILE STATIONS
UE1-UEn OF BAND ALLOCATIONS

END



US 9,276,647 B2

Sheet 14 of 21

Mar. 1, 2016

U.S. Patent

NOILYDINNAIWOD FAILYH3dO0D NI

L _w\\ (3ATOANI L3N NOILYLS FTEON 40 ¥

e

/| NOLLYDINNWNOD JAILYSIH00O NI

LIS

\
G01S
morm\

NOILYLS 3Sv4

43HLIONY

d3ATOANI L3N NOILYLS ITBON 40 8

]
601S AN NOILYLS 150N

1N08Y YL1¥Qd LINSNVYL

]
/01S (dNVE3LYOOTIY

o

JONVINYOS43d TINNYHO LINSNVHL

"/
NOLLYIINNIWINQD FAILYYIJ00D
NI J3ATOANI L3N NOILYLS FIFON
40 FONYIWHOS3d TINNYHD LSINDTY

TVNOIS 3ONFH343d LINSNYYL
101S d
10LS

LaNe
145

NOILYLS 35vd

]
601S AN NOILYLS FTI90N
1n0av v1vad LIWSNYHL

ONVE ALYOOTIV

L01S

—
]

TYNOIS FONI4343Y LINSNYHL

ER
Old

NOILYLS IO



US 9,276,647 B2

Sheet 15 of 21

Mar. 1, 2016

U.S. Patent

ane 6_9&
NOILO3S ¥3AT0TY
NOLLYWSIONT TOULNOD
TYNOIS IONTTATY _
Y 609 &
NOILO3S NOILO3S NOILOTS
NOILD3S NOILOTS NOILO3S NOILO3S | suig
ONISSTOON [ ONXTTLINN | ONIddi e - -
NOISSIASNYAL | TYNOIS JONTMTA L4 AONINDA 14 NOLLYINAOW| — | ONIJ0J | v1vd
— — — — — — —
109 901 501 o e0l 201 101
801
13’
- [ \I\
. T
=
. w3n
Gl 9Ol




US 9,276,647 B2

Sheet 16 of 21

Mar. 1, 2016

U.S. Patent

0z¢ 0z¢ u-90¢ OL 1-90¢
A
_
NOILD3S NOILYOINNHWIOD
) H\ NOILYLS 3SYa-0L-NOILYLS 3oy [+ 94
NOILYWMOANI GIA0ONT oL T L1z
‘| ! iy !
NOILD3S
NOILD3S NOILD3S NOILDFS  fe—
~—|oNIa003a ™ ONININOD [ | NOILYINAONIA. =y 2935005 T 405 | g
TYNOIS GINTOTY NOLLO3S NOLLOAS
uG1z 060z w60z U50z " | ONIddYINF [=+—9NISSFI0Nd
« " |AON3NORH NOILd30T
NOILO3S
NOILO3S NOILD3S NOLLD3S [
- - > NOILYTNAOW3A =
ONIG0O3a ™ ONINIGINOD OIS (AN | |43 T3ONYD 1408 =
~ — — —
-0 1-90¢ <0z 702 oz} 7 k Wz
Y
I L NOILO3S
V> up0e NOILYIILS3
u- 1z~ [ NOILOFS | y u-gor L__13NNYHO
NOILY¥INTO | - -Go7 V12~
O MLl 0L ¢50¢ v
_ . = NOL3S NOILD3S NOILYNIWYI 30
: ~ zo:w%% : oL b,zo_émgz_ﬂo&zoo
~ 30IAJA ONILLINSNYYL
Sl¢ 0L NOILYNHOANI
1049.INOD
40 NOISSINSNYXL
e ZGNO NOILYLS 35v8 d3HIONY WOd4' ¥
9l 9Old Oct




U.S. Patent Mar. 1, 2016 Sheet 17 of 21 US 9,276,647 B2

UE2

eNB2

FIG. 17

PN




US 9,276,647 B2

Sheet 18 of 21

Mar. 1, 2016

U.S. Patent

méo&
NOILOS ¥
TYNOIS JONFH IS —| NOLLVO3N T0INO3
s 118 |
NOILO3
NISSTI0d (= TGS =03 oNiddl =] S S AT
NOISSIASNYHLL | ONFIR ANINDAY NOILI3S NOILJ35| |NOILI3S | S1I8
NOILD3S NOIDS NOID3S NOLO3S INIDOOAd|  |NOILDAS NOILO3S d/S ONIQOD |~ VLv@
wz%%mmog @Z_ﬁw_%g 141 %z_%g 144 [ [NOLYINdOW
NOISSINSNYAL — AN L — ~ ~ — —
- —~ - —~ L-708 |-€08
COV8 1608 DRIW | 1-/08 | g 508 208 108
1-808
1-018
. . \I\
: . AN
\I\
. w3n
8l 9l4




US 9,276,647 B2

Sheet 19 of 21

Mar. 1, 2016

U.S. Patent

\1\
LEN®

0z¢  0ze  U90€ om 1-90€
|
NOLLO3S NOLLYDINNINWOD
026 |NOILYLS 35v8-0L-NOILYIS Tova |~ 7+
NOLLYWH0NI G3000N3 1 96116 U-08
v | v oy L
NOLLOTS
] N3 | Nowoss || NOLLYTNON30| | JORSES (e e
ONIOG30 [~ [ONINGIOI ™Y Y WIS [ - -
s, 1908 0195 NOLLA30R
- - S
e TR 7~ | vy e || e [
oLo2s N33 e NP0
NOLLOS | | NOLO3S NOLLYTNOON30 - -~
| owiadoa [ |ondnco[™ LTS i el NOLLA=03
(ENEREY T
106 1606 <t b gt eis | 106
iy < NOILDFS NOILWNILST
U506 O1 TINNYHO
U-p06 T 77 el Y
o 1, R TR E
NOILYYANT9| : NOLLYWHOANI 104 INOD
LIEEN ot ¥ v
800 e | : | NOLOTS | NOLLOTS
: NOLLOWIDA( NOLLYNIG3130
=l INIO0DRUd
N BN NOLLYISISus | 816~y
HIHIONYAOSS  30IA30 ONTLLINSNWAIL
OL NOITHWYO-NI TOMINGD
10 NOISSINSNYAL
6L ©Old




US 9,276,647 B2

Sheet 20 of 21

Mar. 1, 2016

U.S. Patent

2-€00} 2-200}
~ f
NOILO3S NOILOZS
~Nouvinaonda[m— | L
1906 NOILOTS NOILOZS O L 1406 NOILOSS
ONINIGINOD 0L S/d e ¥3130NY 108 oY
NOILO3S NOILOZS
T novinaonaa [yl L
— o — ~ 1
7001 1-€00} |-2001 100}
L 9
\I\
|-06
Y16 NOILLO3S NOILYINILS3
TINNYHO NOY4
0Z Old



U.S. Patent Mar. 1, 2016 Sheet 21 of 21 US 9,276,647 B2

UEG

FIG. 21
Y

UES




US 9,276,647 B2

1
BASE STATION DEVICE AND MOBILE
STATION DEVICE USED IN COOPERATIVE
COMMUNICATIONS

TECHNICAL FIELD

The present invention relates to a technology that allows a
base station device to provide cooperative communication
with another base station device when the base station device
receives signals transmitted from a plurality of mobile station
devices.

BACKGROUND ART

The LTE-Advanced system (also referred to as the LTE-A
or IMT-A system), which is an advanced version of the long
term evolution (LTE) system, is being standardized as a wire-
less communication system for fourth-generation cell
phones.

For the LTE-A system, a cooperative communication tech-
nology for downlinks and uplinks is being studied to provide
improved coverage (refer to NPL 1). The cooperative com-
munication technology permits a plurality of base stations to
cooperatively transmit or receive data during data transmis-
sion/reception between a base station and a mobile station.
For cooperative communication through an uplink, in par-
ticular, transmission performance can be improved when sig-
nals transmitted from a mobile station are received by a plu-
rality of base stations and then combined. The signals
received by the base stations are shared through a wired
communication system based, for instance, on optical fiber.

FIG. 21 is a schematic diagram illustrating a system to
which an uplink cooperative communication (coordinated
multi-point reception or CoMP) scheme is applied. In the
system depicted in FIG. 21, base stations eNB3, eNB4 exist
and are capable of sharing, for example, received data
through optical fiber. Further, mobile stations UES-UE7 exist
and communicate with either of the two base stations. A
synchronization signal or the like is used to connect the
mobile stations UE5-UE7 to a base station that exhibits the
highest reception power or signal-to-interference-plus-noise
ratio (SINR).

In the communication system depicted in FIG. 21, the
mobile stations UES, UE6 are respectively connected to the
base stations eNB3, eNB4. Meanwhile, the mobile station
UE7 is connected to both the base stations eNB3, eNB4 as the
base stations eNB3, eNB4 are engaged in cooperative com-
munication. However, the mobile station UE7 does not
always need to grasp all the base stations engaged in coop-
erative communication. The mobile station UE7 may receive
parameters used for data transmission, as control informa-
tion, from a particular base station only.

A frequency band used for data transmission by the mobile
stations connected to the base stations engaged in cooperative
communication is generally determined depending on fre-
quency band use of all base stations engaged in cooperative
communication. In other words, the frequency bands to be
allocated to the mobile stations connected to each base station
are determined so that they are orthogonal to each other on the
frequency axis. Hence, in the example depicted in FIG. 21,
the base station eNB3 determines a band allocation so that the
frequency bands used for data transmission by the mobile
stations UES, UE7 are orthogonal to each other. Meanwhile,
the base station eNB4 determines the band allocation so that
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2

the frequency bands used for data transmission by the mobile
stations UE6, UE7 are orthogonal to each other.

CITATION LIST
Non Patent Literature

NPL 1: NTT DOCOMO, R1-110248, “Views for Rel. 11
CoMP”

SUMMARY OF INVENTION
Technical Problem

In a wireless communication system that provides coop-
erative communication between base stations, the band allo-
cation for mobile stations connected to each base station is
determined as described above so that the allocated bands are
orthogonal to each other on the frequency axis. However,
there is a problem for uplink cooperative communication in
that the amount of frequency resources may become inad-
equate because it increases with an increase in the number of
cooperating base stations.

The present invention has been made in view of the above
circumstances. An object of the present invention is to pro-
vide a base station device, a program, an integrated circuit, a
mobile station device, and a communication system that
reduce the amount of frequency resources required for uplink
cooperative communication.

Solution to Problem

(1) In order to achieve the above object, the present inven-
tion implements the following means. More specifically, a
base station device according to the present invention is
applied to a communication system in which a plurality of
base station devices establish cooperative communication
with at least one mobile station device. The base station
device includes a base station-to-base station communication
section and a control information determination section. The
base station-to-base station communication section commu-
nicates with another base station device when establishing
cooperative communication. The control information deter-
mination section allocates a band for communication use by
the mobile station device in such a manner that a signal
received cooperatively by another base station device and a
signal received uncooperatively by another base station
device overlap with each other at certain frequencies.

As described above, the band for communication use by
the mobile station device is allocated in such a manner that a
signal received cooperatively by another base station device
and a signal received uncooperatively by another base station
device overlap with each other at certain frequencies. There-
fore, when cooperative communication is to be established,
all base station devices do not need to maintain orthogonality.
Consequently, a communication system providing coopera-
tive communication can efficiently use frequencies. This
makes it possible to increase the efficiency of frequency use.

(2) Further, the base station device according to the present
invention receives signals with a smaller number of antennas
than the number of signals allocated overlappingly to the
certain frequencies.

As described above, the signals are received with a smaller
number of antennas than the number of signals allocated
overlappingly to certain frequencies. This makes it possible to
increase the efficiency of frequency use.
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(3) Further, the base station device according to the present
invention shares a signal of the mobile station device, which
is received cooperatively by the other base station device,
with the other base station device and performs a cancellation
process.

As described above, the signal of the mobile station device,
which is received cooperatively by another base station
device, is shared with another base station device and sub-
jected to the cancellation process. Therefore, an inter-user
interference, which may be caused by an overlap, can be
eliminated. This makes it possible to reduce the influence on
transmission performance and provide an increased through-
put.

(4) Further, the base station device according to the present
invention shares a signal allocated overlappingly to the cer-
tain frequencies with another base station device and per-
forms the cancellation process.

As described above, a signal allocated overlappingly to
certain frequencies is shared with another base station device
and subjected to the cancellation process. Therefore, an inter-
user interference, which may be caused by an overlap, can be
eliminated. This makes it possible to reduce the influence on
transmission performance and provide an increased through-
put.

(5) Further, when a band for communication use by the
mobile station device is to be allocated in such a manner that
a signal received cooperatively and a signal received uncoop-
eratively overlap with each other at certain frequencies in
another base station device, the control information determi-
nation section of the base station device according to the
present invention allocates the band for communication use
by the mobile station device so that the signal received coop-
eratively and the signal received uncooperatively are orthogo-
nal to each other in a frequency domain.

As described above, when a band for communication use
by a mobile station device is to be allocated in such a manner
that a signal received cooperatively and a signal received
uncooperatively overlap with each other at certain frequen-
cies in another base station device, the band for communica-
tion use by the mobile station device is allocated so that the
signal received cooperatively and the signal received unco-
operatively are orthogonal to each other in a frequency
domain. Therefore, an inter-user interference can be elimi-
nated. This makes it possible to reduce the influence on trans-
mission performance and provide an increased throughput.

(6) Further, when a band for communication use by the
mobile station device is to be allocated in such a manner that
a signal received cooperatively and a signal received uncoop-
eratively overlap with each other at certain frequencies in
another base station device, the control information determi-
nation section of the base station device according to the
present invention allocates the band for communication use
by the mobile station device so that the signal received coop-
eratively and the signal received uncooperatively overlap
with each other at the certain frequencies.

As described above, when a band for communication use
by a mobile station device is to be allocated in such a manner
that a signal received cooperatively and a signal received
uncooperatively overlap with each other at certain frequen-
cies in another base station device, the band for communica-
tion use by the mobile station device is allocated so that the
signal received cooperatively and the signal received unco-
operatively overlap with each other at the certain frequencies.
Therefore, an inter-user interference can be eliminated. This
makes it possible to reduce the influence on transmission
performance and provide an increased throughput.
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(7) Further, the base station device according to the present
invention calculates a transmission power parameter that
achieves predetermined reception quality in the mobile sta-
tion device. Moreover, the base station device according to
the present invention shares the calculated parameter with
another base station device and notifies the mobile station
device of the maximum value of the parameter calculated by
each base station device.

As described above, the mobile station device is notified of
the maximum value of the parameter calculated by each base
station device. Therefore, when a band allocated to a mobile
station device involved in cooperative communication and a
band allocated to a mobile station device uninvolved in coop-
erative communication overlap with each other in a frequency
domain, predetermined reception quality can be achieved in
each base station device. This makes it possible to provide an
increased throughput.

(8) Further, the base station device according to the present
invention calculates a transmission power parameter that
achieves predetermined reception quality in the mobile sta-
tion device. Moreover, the base station device according to
the present invention shares the calculated parameter with
another base station device and notifies the mobile station
device of the average value of the parameter calculated by
each base station device.

As described above, the mobile station device is notified of
the average value of the parameter calculated by each base
station device. Therefore, when a band allocated to a mobile
station device involved in cooperative communication and a
band allocated to a mobile station device uninvolved in coop-
erative communication overlap with each other in a frequency
domain, predetermined reception quality can be achieved in
each base station device. This makes it possible to provide an
increased throughput.

(9) Further, the base station device according to the present
invention not only calculates, in accordance with a channel
estimation signal received from a mobile station device hav-
ing a plurality of antennas, the frequency response of each of
the plurality of antennas, but also shares the calculated fre-
quency response with another base station device and deter-
mines a precoding scheme in accordance with the calculated
frequency response so as to maximize a signal-to-interfer-
ence-plus-noise ratio (SINR).

As described above, the precoding scheme is determined in
accordance with the calculated frequency response so as to
maximize the SINR. Therefore, when a band allocated to a
mobile station device involved in cooperative communication
and a band allocated to a mobile station device uninvolved in
cooperative communication overlap with each other in a fre-
quency domain, predetermined reception quality can be
achieved in each base station device. This makes it possible to
provide an increased throughput.

(10) Further, the base station device according to the
present invention not only calculates, in accordance with a
channel estimation signal received from a mobile station
device having a plurality of antennas, the frequency response
of each of the plurality of antennas, but also shares the cal-
culated frequency response with another base station device
and determines the precoding scheme in accordance with the
calculated frequency response so as to provide the maximum
capacity.

As described above, the precoding scheme is determined in
accordance with the calculated frequency response so as to
provide the maximum capacity. Therefore, when a band allo-
cated to a mobile station device involved in cooperative com-
munication and a band allocated to a mobile station device
uninvolved in cooperative communication overlap with each
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other in a frequency domain, predetermined reception quality
can be achieved in each base station device. This makes it
possible to provide an increased throughput.

(11) A program according to the present invention is a
program for a base station device that is applied to a commu-
nication system in which a plurality of base station devices
establish cooperative communication with at least one mobile
station device. The program causes a computer to perform a
series of processes, namely, a process of communicating with
another base station device when establishing cooperative
communication and a process of allocating a band for com-
munication use by the mobile station device in such a manner
that a signal received cooperatively by another base station
device and a signal received uncooperatively by another base
station device overlap with each other at certain frequencies.

As described above, the band for communication use by
the mobile station device is allocated in such a manner that a
signal received cooperatively by another base station device
and a signal received uncooperatively by another base station
device overlap with each other at certain frequencies. There-
fore, when cooperative communication is to be established,
all base station devices do not need to maintain orthogonality.
Consequently, a communication system providing coopera-
tive communication can efficiently use frequencies. This
makes it possible to increase the efficiency of frequency use.

(12) An integrated circuit according to the present inven-
tion is an integrated circuit that causes a base station device to
exercise a plurality of functions when mounted in the base
station device. The integrated circuit causes the base station
device to exercise a series of functions, namely, a function of
communicating with another base station when establishing
cooperative communication and a process of allocating a
band for communication use by the mobile station device in
such a manner that a signal received cooperatively by another
base station device and a signal received uncooperatively by
another base station device overlap with each other at certain
frequencies.

As described above, the band for communication use by
the mobile station device is allocated in such a manner that a
signal received cooperatively by another base station device
and a signal received uncooperatively by another base station
device overlap with each other at certain frequencies. There-
fore, when cooperative communication is to be established,
all base station devices do not need to maintain orthogonality.
Consequently, a communication system providing coopera-
tive communication can efficiently use frequencies. This
makes it possible to increase the efficiency of frequency use.

(13) A mobile station device according to the present
invention establishes cooperative communication with a plu-
rality of base station devices by using a frequency band allo-
cated by the base station device described in any one of (1) to
(10) above.

If the above configuration is adopted, all base station
devices do not need to maintain orthogonality when coopera-
tive communication is to be established. Consequently, a
communication system providing cooperative communica-
tion can efficiently use frequencies. This makes it possible to
increase the efficiency of frequency use.

(14) A communication system according to the present
invention includes the base station device described in any
one of (1) to (10) above and the mobile station device
described in (13).

If the above configuration is adopted, all base station
devices do not need to maintain orthogonality when coopera-
tive communication is to be established. Consequently, a
communication system providing cooperative communica-
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tion can efficiently use frequencies. This makes it possible to
increase the efficiency of frequency use.

Advantageous Effects of Invention

According to the present invention, it is possible to increase
the efficiency of frequency use for uplink cooperative com-
munication and provide an increased throughput in a wireless
communication system that establishes cooperative commu-
nication with another base station when receiving signals
transmitted from a plurality of mobile stations.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1is a schematic diagram illustrating a communication
system according to a first embodiment of the present inven-
tion to which an uplink cooperative communication scheme is
applied.

FIG. 2 is a block diagram illustrating an exemplary con-
figuration of mobile stations according to the first embodi-
ment of the present invention.

FIG. 3 is a diagram illustrating a signal allocation method.

FIG. 4 is a diagram illustrating a signal allocation method.

FIG. 5 is a block diagram illustrating an exemplary con-
figuration of a base station according to the first embodiment
of the present invention, which has one receive antenna.

FIG. 6 is a block diagram illustrating an exemplary con-
figuration of a receiver section according to the first embodi-
ment of the present invention.

FIG. 7 is a block diagram illustrating an exemplary con-
figuration of a received signal demodulation section accord-
ing to the first embodiment of the present invention.

FIG. 8 is a block diagram illustrating an exemplary con-
figuration of another base station according to the first
embodiment of the present invention.

FIG. 9 is a diagram illustrating an example of band alloca-
tion in a frequency domain that is performed when coopera-
tive communication is to be established in the first embodi-
ment of the present invention.

FIG. 10 is a diagram illustrating an example of band allo-
cation in a frequency domain that is performed when coop-
erative communication is to be established in the first embodi-
ment of the present invention.

FIG. 11 is a flowchart illustrating operations that are per-
formed in a base station according to the first embodiment of
the present invention in order to determine a band allocation
for mobile stations.

FIG. 12 is a flowchart illustrating a modified example of the
operation depicted in FIG. 11 that is performed in a base
station according to the first embodiment of the present inven-
tion in order to determine the band allocation.

FIG. 13 is a flowchart illustrating a modified example of the
operations depicted in FIG. 11 that are performed in a base
station eNB1 according to the first embodiment of the present
invention in order to determine the band allocation.

FIG. 14 is a sequence diagram illustrating operations that
are performed in accordance with the first embodiment of the
present invention by a mobile station, a base station, and
another base station, which operate in accordance with the
flowchart of FIG. 11.

FIG. 15 is a block diagram illustrating an exemplary con-
figuration of mobile stations according to a second embodi-
ment of the present invention.

FIG. 16 is a block diagram illustrating an exemplary con-
figuration of a base station according to the second embodi-
ment of the present invention.
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FIG. 17 is a schematic diagram illustrating a communica-
tion system according to a third embodiment of the present
invention.

FIG. 18 is a block diagram illustrating an exemplary con-
figuration of mobile stations according to the third embodi-
ment of the present invention.

FIG. 19 is a block diagram illustrating an exemplary con-
figuration of a base station according to the third embodiment
of the present invention.

FIG. 20 is a block diagram illustrating the configuration of
a received signal demodulation section according to the third
embodiment of the present invention.

FIG. 21 is a schematic diagram illustrating a conventional
system.

DESCRIPTION OF EMBODIMENTS

Embodiments of the present invention will now be
described with reference to the accompanying drawings. The
following embodiments are described in relation to an uplink
transmission in which a mobile station is used as a data
transmitting device while a base station is used as a data
receiving device. A base station device may be simply
referred to as a base station, whereas a mobile station device
may be simply referred to as a mobile station.

[First Embodiment]

FIG.1is a schematic diagram illustrating a communication
system according to a first embodiment of the present inven-
tion to which an uplink cooperative communication scheme is
applied. In the communication system depicted in FIG. 1,
base stations eNB1, eNB2 exist and are capable of sharing,
for instance, received data through optical fiber. Further,
mobile stations UE1-UE3 exist and communicate with either
of'the two base stations. A synchronization signal or the like
is used to connect the mobile stations UE1-UE3 to a base
station that exhibits the highest reception power or a high
signal-to-interference-plus-noise ratio (SINR).

In the communication system depicted in FIG. 1, the
mobile stations UE1, UE2 are respectively connected to the
base stations eNB1, eNB2. Meanwhile, the mobile station
UE3 is connected to both the base stations eNB1, eNB2 as the
base stations eNB1, eNB2 are engaged in cooperative com-
munication. However, the mobile station UE3 does not
always need to grasp all the base stations engaged in coop-
erative communication. The mobile station UE3 may receive
parameters used for data transmission, as control informa-
tion, from a particular base station only.

FIG. 2 is a block diagram illustrating an exemplary con-
figuration of mobile stations UE1-UEm according to the first
embodiment of the present invention. Components not nec-
essary for explanation are omitted from FIG. 2. In the
example depicted in FIG. 2, the number of mobile stations
UE1-UEm is m. The mobile stations UE1-UEm transmit data
to base stations, as is the case with the mobile stations UE1-
UE3 depicted in FIG. 1.

Although FIG. 2 indicates that the number of mobile sta-
tion antennas is one, a plurality of antennas may be used for
transmission and reception to achieve transmit diversity or
multiple-input multiple-output (MIMO). The number of
antennas is not limited to the number of physical antennas, but
may be construed as the number of antenna ports. An antenna
port denotes a plurality of antennas that are considered to
have the same physical configuration. As the mobile stations
perform the same data transmission process, the mobile sta-
tion UE1 will be described as an example.

In the mobile station UE1, a control information receiver
section 109 receives control information for the mobile sta-

15

20

25

30

40

45

55

65

8

tion UE1, which is transmitted from a base station. The con-
trol information includes, for example, frequency allocation
information for data transmission and information about a
modulation order, coding rate, and coding method. When
cooperative communication is to be established, the control
information may be received from only a particular base
station or the same control information may be received from
a plurality of base stations. The control information receiver
section 109 inputs the information about the coding rate and
coding method, which is included in the received control
information, to a coding section 101, inputs the information
about the modulation order to a modulation section 102, and
inputs the frequency allocation information to a frequency
mapping section 104.

The coding section 101 encodes input data bits to obtain an
error correction code such as a turbo code or low-density
parity-check (LDPC) code. An error correction coding
method exercised by the coding section 101 may be prede-
termined for transmission and reception or designated in the
form of the control information. Further, the coding section
101 performs a puncture in accordance with the information
about the coding rate, which is transmitted in the form of the
control information, and outputs the resulting encoded bits to
the modulation section 102.

The modulation section 102 subjects the encoded bits to
quaternary phase-shift keying (QPSK), 16-ary quadrature
amplitude modulation (16-QAM), 64-QAM, or other modu-
lation in accordance with the modulation order input from the
control information receiver section 109. A modulation sym-
bol output from the modulation section 102 is converted from
a time-domain data signal to a frequency-domain data signal
in an FFT section 103 and then output to the frequency map-
ping section 104.

The frequency mapping section 104 allocates the input
frequency-domain data signal in accordance with the fre-
quency allocation information transmitted from the control
information receiver section 109. FIGS. 3 and 4 are diagrams
illustrating a signal allocation method. When a discrete Fou-
rier transform spread orthogonal frequency division multi-
plexing (DFT-S-OFDM or SC-FDMA) method for allocation
to contiguous frequencies is employed, a single-carrier spec-
trum is allocated as depicted in FIG. 3.

When, on the other hand, a clustered DFT-S-OFDM
method for allocation to discrete frequencies is employed,
signal allocation is performed as indicated in the example of
FIG. 4. An IFFT section 105 converts a signal output from the
frequency mapping section 104 to a time-domain signal. A
reference signal multiplexing section 106 performs a process
of forming a transmission frame by multiplexing a reference
signal, which is known in the transmitting and receiving
devices, on a transmitted signal in the time domain. In the
example of FIG. 2, the transmission frame is formed by
multiplexing the reference signal in the time domain. Alter-
natively, however, the transmission frame may be formed by
multiplexing the reference signal in a frequency domain.

A transmission processing section 107 inserts a cyclic pre-
fix (CP) into a signal on which the reference signal is multi-
plexed, subjects the signal to digital-to-analog (D/A) conver-
sion, and upconverts the resulting analog signal to a wireless
frequency. A power amplifier (PA) amplifies the upconverted
signal. The amplified signal is then transmitted from a trans-
mit antenna 108. The same process is also performed at the
mobile stations UE2-UEm to transmit data.

The configuration of the base station eNB1 will now be
described. FIG. 5 is ablock diagram illustrating an exemplary
configuration of the base station eNB1 according to the first
embodiment of the present invention, which has one receive
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antenna. The base stations may include a plurality of receive
antennas. The base station eNB1 receives a signal from a
plurality of mobile stations with an antenna 201 and inputs the
received signal to a receiver section 202. A case where a
mobile station involved in cooperative communication and a
mobile station uninvolved in cooperative communication
coexist as the mobile stations connected to the base station
eNB1 will now be described as an example.

The signal input from the antenna 201 is input to the
receiver section 202. FIG. 6 is a block diagram illustrating an
exemplary configuration of the receiver section 202 accord-
ing to the first embodiment of the present invention. A recep-
tion processing section 401 downconverts the input signal to
a baseband frequency. The resulting downconverted signal is
then converted to a digital signal through an analog-to-digital
(A/D) conversion process. Next, the cyclic prefix is removed
from the digital signal.

A reference signal separation section 402 receives a signal
output from the reception processing section 401 and sepa-
rates the received signal into the reference signal and the data
signal. The reference signal separation section 402 outputs
the reference signal to a channel estimation section 214 and
the data signal to an FFT section 403. The FFT section 403
converts the data signal, which is output from the reference
signal separation signal 402, from a time-domain signal to a
frequency-domain signal, and outputs the resulting signal to a
frequency demapping section 203.

Meanwhile, the channel estimation section 214 estimates a
channel performance (frequency response) from the refer-
ence signal and outputs the estimated channel performance to
received signal demodulation sections 205-1 to 205-» and
control information determination section 216. The reference
signal is known in the transmitting and receiving devices and
input from the receiver section 202. The letter n represents the
number of users (mobile stations) that have transmitted data
to the base station. The control information determination
section 216 determines, in accordance with the channel per-
formance acquired from the channel estimation section 214,
whether or not to establish cooperative communication with
individual mobile stations. Further, when it is determined that
a mobile station is involved in cooperative communication,
the control information determination section 216 issues a
notification to demand the performance of a channel between
the mobile station and another base station providing coop-
erative communication. After the channel performance of the
mobile station involved in cooperative communication is
received from the other base station providing cooperative
communication, the control information determination sec-
tion 216 of each base station determines a band allocation for
the mobile station and other control information required for
data transmission, such as the coding rate and modulation
method. Although the communication between the control
information determination section 216 and the other base
station is not depicted in FIG. 5, it is assumed that the com-
munication is established through a base station-to-base sta-
tion communication section 220. However, another method
may be used for information sharing. The control information
is then transmitted to the mobile station as the control infor-
mation for the next transmission opportunity. Further, the
control information determination section 216 also transmits
the band allocation for the mobile station involved in coop-
erative communication to the other base station that provides
cooperative communication. The control information deter-
mined as described above is retained until the next data recep-
tion because it is necessary for the base stations to perform the
next received signal process. The control information deter-
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mination section 216 outputs the determined band allocation
information to the frequency demapping section 203.

In accordance with the frequency allocation information,
the frequency demapping section 203 extracts the frequency-
domain signal, which is allocated contiguously or discretely,
for each user (mobile station). The control information trans-
mitted from a base station to a plurality of mobile stations is
used as the frequency allocation information.

The signals extracted for individual users are respectively
input to soft canceler sections 204-1 to 204-z. The soft can-
celer sections 204-1 to 204-r cancel a frequency-domain
replica, which is generated by each replica generation section
from decoded bits derived from individual decoding sections.
A cancellation process will be described later in detail. How-
ever, nothing is performed in a first soft canceler process
because no information is derived from the decoding sections
210-1 to 210-7.

The received signal demodulation sections 205-1 to 205-»
acquire a time-domain log-likelihood ratio (LLR) from a
soft-canceled signal. FIG. 7 is a block diagram illustrating an
exemplary configuration of the received signal demodulation
section 205-1 according to the first embodiment of the present
invention. The received signal demodulation section 205-1
will now be described, as an example, with reference to FIG.
7 because the received signal demodulation sections perform
the same process.

The soft-canceled signal is input to an equalizer section
501 of the received signal demodulation section 205-1. The
equalizer section 501 performs an equalization process on the
soft-canceled signal in such a manner as to compensate for a
wireless channel distortion, and outputs the resulting signal to
an IFFT section 502. For example, the equalization process is
performed so that the signal is multiplied, for instance, by a
minimum mean square error (MMSE) weight or a zero forc-
ing (ZF) weight. The equalization process is performed by
using the channel performance input from the channel esti-
mation section 214.

The IFFT section 502 converts the signal input from the
equalizer section 501 from a frequency-domain signal to a
time-domain signal. A demodulation section 503 stores a
modulation order that is transmitted to a mobile station as the
control information, and demodulates a symbol in accor-
dance with the information about the modulation order. The
demodulated bit is then output to a combining section 206-1.

For a user involved in cooperative communication, the
combining sections 206-1 to 206-» combine the LLR derived
from a signal received by the base station eNB1 with the LLR
derived from a signal received by the other base station eNB2.
In the present embodiment, the LLR input from the other base
station eNB2 is shared through optical fiber or the like. For a
mobile station that is not involved in cooperative communi-
cation, the LLLR is 0. The above process will be described later
in detail.

The outputs generated from the combining sections 206-1
t0 206-% are respectively input to the decoding sections 210-1
t0 210-7. The decoding sections 210-1 to 210-7 perform error
correction decoding in accordance with the information about
the coding rate, which is transmitted to each mobile station as
the control information. After completion of error correction
decoding, the decoding sections 210-1 to 210-z output data
bits. When a turbo equalization process is to be performed,
the result of decoding is output to replica generation sections
211-1 to 211-n.

The replica generation sections 211-1 to 211-» generate
symbol replicas by using the decoded bits and converts the
symbol replicas to frequency signals for the purpose of gen-
erating frequency-domain replicas. The outputs of the replica
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generation sections 211-1 to 211-» are respectively input to
the soft canceler sections 204-1 to 204-z. The generated fre-
quency-domain replicas are output to an IUI extraction sec-
tion 218.

The above-described process is repeated to perform a pro-
cess of receiving the data transmitted from a mobile station.
This process is repeated until no more errors are detected by
a cyclic redundancy check (CRC) or until a predetermined
upper-limit repetition count is reached.

FIG. 8 is a block diagram illustrating an exemplary con-
figuration of the other base station eNB2 according to the first
embodiment of the present invention. The configuration of
the base station eNB2 will not be redundantly described
because it is the same as that of the base station eNB1 as
depicted in FIG. 8. Individual sections 301-320 of the base
station eNB2 respectively correspond to the individual sec-
tions 201-220 of the base station eNB1.

FIG. 9 is a diagram illustrating an example of band alloca-
tion in a frequency domain that is performed when coopera-
tive communication is to be established in the first embodi-
ment of the present invention. In the example of FIG. 9,
cooperative communication is not provided for the mobile
stations UE1-UE3, and the mobile stations UE1-UE3 are
connected to the base station eNB1 or to the base station
eNB2. Meanwhile, the base stations eNB1 and eNB2 provide
cooperative communication for the mobile station UE4.

In order to ensure, in the above instance, that the band
allocation for the mobile station UE4 involved in cooperative
communication is perfectly orthogonal to the band allocation
for the other mobile stations, it is necessary to limit the
bandwidth to be allocated in such a manner that none of the
mobile stations connected to the same base station uses the
same band. Hence, the number of transmittable data bits
decreases. Therefore, the mobile station UE4 involved in
cooperative communication permits an allocation that dis-
rupts the orthogonality in the frequency domain. As a result,
the allocation for the mobile station UE4 involved in coop-
erative communication overlaps with the allocations for the
mobile stations UE2, UE3 as depicted in FIG. 9. This causes
inter-user interference.

A reception process performed by the base stations eNB1,
eNB2 when a band allocation is performed as depicted in
FIG. 9 will now be described. In the base station eNB1
depicted in FIG. 5, the outputs of the IUI extraction section
218 are all O because there is no allocation that causes inter-
user interference. Meanwhile, the replica generation sections
211-1 to 211-» generate replicas in order to cancel an inter-
symbol interference component from the decoding result.
The replica generation sections 211-1 to 211-» then input the
generated replicas to the soft canceler sections 204-1 to 204-
n.

The received signal demodulation sections 205-1 to 205-»
generate LI.Rs for all users from soft-canceled signals and
input only the LLR of the mobile station UE4 involved in
cooperative communication to the base station-to-base sta-
tion communication section 220. It is assumed that the LLRs
of the mobile stations UE1-UE3 uninvolved in cooperative
communication are all 0. However, the LLRs of mobile sta-
tions that communicate uncooperatively for the purpose of
eliminating, for instance, an inter-cell interference may be
input to the base station-to-base station communication sec-
tion 220. The reception process subsequently performed by
the base station eNB1 is as described earlier.

Meanwhile, in the base station eNB2 depicted in FIG. 8,
the LLR of the mobile station UE4 involved in cooperative
communication is input from the base station-to-base station
communication section 220. This LLR is then input to a
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combining section that is one of combining sections 306-1 to
306-» and related to the reception process of the mobile
station UE4. After combining the LLR of the mobile station
UEA4, the base station eNB2 generates frequency-domain soft
replicas for the mobile stations UE2, UE3, UE4 through
decoding sections 310-1 to 310-» and replica generation sec-
tions 311-1 to 311-7.

The generated soft replicas are input to respective soft
canceler sections 304-1 to 304-» (the soft canceler sections
304-1 to 304-» may be generically referred to as the soft
canceler section 304) and to an IUI extraction section 318.
The IUT extraction section 318 extracts only the soft replicas
of overlapping spectra in order to eliminate an inter-user
interference caused by the overlapping spectra. For example,
a soft replica of an inter-user interference input to the soft
canceler section 304 for the reception process of the mobile
station UE3 depicted in FIG. 9 is generated by extracting an
TUI component from the overlapping soft replicas of the
mobile station UE4.

In the above-described embodiment, the LLR shared
through base station-to-base station communication is used
for combination. Alternatively, however, the LLR may be
used for soft cancellation. For example, the LLR may be used
so that a soft canceler eliminates an inter-user interference
between the mobile stations UE2, UE3 depicted in FIG. 9,
which is caused by the mobile station UE4.

FIG. 10 is a diagram illustrating an example of band allo-
cation in a frequency domain that is performed when coop-
erative communication is to be established in the first embodi-
ment of the present invention. In the example of FIG. 9, aband
allocation is performed in such a manner as to disrupt the
orthogonality in the base station eNB2. However, as depicted
in FIG. 10, the band allocation may be performed in such a
manner as to disrupt the orthogonality in the base station
eNB1 as well. Further, although a contiguous band allocation
is performed for each mobile station for the sake of brevity, a
discrete band allocation may alternatively be performed. Fur-
thermore, although cooperative communication is estab-
lished between base stations in the above example, intra-site
cooperative communication may be established between sec-
tors.

An example in which the base station eNB1 according to
the present embodiment determines the band allocation for
the mobile stations UE1-UEm will now be described. First of
all, a case where bands allocated to all mobile stations UE1-
UEm communicating with the base station eNB1 are orthogo-
nal to each other in a frequency domain as depicted in FIG. 9
will be described with reference to FIG. 11. FIG. 11 is a
flowchart illustrating operations that are performed in the
base station eNB1 according to the first embodiment of the
present invention in order to determine the band allocation for
the mobile stations UE1-UEm.

At first, in the base station eNB1, the reference signals for
the mobile stations UE1-UEm are input to the channel esti-
mation section 214 (step S0). The channel estimation section
214 estimates the channel performance of each mobile station
from the input reference signals (step S1). In accordance with
the estimated channel performance of each mobile station, the
control information determination section 216 determines
whether cooperative communication is to be provided for
each mobile station (step S2). This determination may be
made, for example, by calculating an average SNR by using
all or some of the estimated channel performances and com-
paring the calculated average SNR against a predetermined
threshold value. In such an instance, the cooperative commu-
nication may be determined to be provided only for mobile
stations whose average SNR is lower than the threshold value.
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Next, the base station eNB1 not only transmits information
to another base station eNB2 in order to describe a mobile
station involved in cooperative communication, but also
issues a notification to demand the channel performance of
the mobile station involved in cooperative communication,
which is estimated by the other base station eNB2 (step S3).
The base station eNB1 then receives the channel performance
of'the mobile station involved in cooperative communication,
which is estimated by the other base station eNB2 (step S4),
and determines the band allocations for all the mobile stations
UE1-UEm in such a manner that they are orthogonal to each
other in the frequency domain (step S5).

For a mobile station uninvolved in cooperative communi-
cation, the band allocation is determined in accordance with
the channel performance estimated in step S1. For a mobile
station involved in cooperative communication, the band
allocation is determined from both the channel performance
estimated in step S1 and the channel performance received in
step S4 so that the capacity is maximized. Further, when a
band allocation is performed in step S5 in such a manner that
the band allocation for a mobile station involved in coopera-
tive communication and the band allocation for a mobile
station uninvolved in cooperative communication are nonor-
thogonal to each other in the frequency domain, the band
allocation depicted in FIG. 10 can be achieved.

After the above band allocation determination process, the
band allocation for a mobile station involved in cooperative
communication is transmitted so that it can be received by the
other base station eNB2 as well (step S6). Further, the band
allocation for a mobile station for which cooperative commu-
nication is to be also provided by the other base station eNB2
is determined without considering the band allocation for a
mobile station uninvolved in cooperative communication. As
a result, the band allocation for the mobile station involved in
cooperative communication is nonorthogonal to the band
allocation for the mobile station uninvolved in cooperative
communication. However, the band allocations for mobile
stations uninvolved in cooperative communication are deter-
mined so that they are orthogonal to each other in the fre-
quency domain. Next, all the mobile stations UE1-UEm are
notified of the band allocations determined in step S5 (step
S7). Upon completion of step S7, a series of operations comes
to an end.

FIG.12is a flowchart illustrating a modified example of the
operations depicted in FIG. 11 that are performed in the base
station eNB1 according to the first embodiment of the present
invention in order to determine the band allocation. The
example of FIG. 12 corresponds a case where the band allo-
cation depicted in FIG. 9 is performed. FIG. 12 illustrates
operations that are performed by the base station eNB1 to
determine the band allocation for a mobile station involved in
cooperative communication. Steps S10 to S12 are the same as
steps S0 to S2, which are depicted in FIG. 11. After comple-
tion of steps S10 to S12, the base station eNB1 determines the
band allocations for all mobile stations in such a manner that
they are orthogonal to each other in the frequency domain
(step S13). In the modified example of FIG. 12, the channel
performance estimated by the other base station eNB2 is not
demanded as indicated in the flowchart of FIG. 11. Hence, the
band allocations are determined solely from the channel per-
formance estimated by the base station eNB1. The other base
station eNB2 is then notified of the band allocation for a
mobile station involved in cooperative communication (step
S14).

However, the band allocation for a mobile station involved
in cooperative communication and the band allocation for a
mobile station uninvolved in cooperative communication are
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allowed to overlap with each other in the other base station
eNB2. Therefore, the other base station eNB2 can determine
the band allocations without considering the band allocation
for a mobile station involved in cooperative communication.
Consequently, the other base station eNB2 can determine the
band allocation for a mobile station uninvolved in cooperative
communication even before it is notified of the band alloca-
tion for a mobile station involved in cooperative communica-
tion.

Step S15 is the same as step S7, which is depicted in FIG.
11. In the above-described example, the band allocation for a
mobile station involved in cooperative communication is
determined without using the channel performance estimated
by the other base station. Alternatively, however, the deter-
mination may be made by using the channel performance
estimated by the other base station.

FIG. 13 is a flowchart illustrating a modified example of the
operations depicted in FIG. 11 that are performed in the base
station eNB1 according to the first embodiment of the present
invention in order to determine the band allocation. In the
example of FIG. 13, the band allocations depicted in FIG. 10
are determined. Steps S20 to S22 are the same as steps S0 to
S2, which are depicted in FIG. 11. For mobile stations unin-
volved in cooperative communication, the band allocations
are determined in accordance with the estimated channel
performance so that the band allocations are orthogonal to
each other in the frequency domain (step S23). Next, the band
allocation for a mobile station uninvolved in cooperative
communication is determined while permitting the band allo-
cation for a mobile station involved in cooperative commu-
nication to overlap in the frequency domain with the band
allocation for the mobile station uninvolved in cooperative
communication (step S24). Steps S25 and S26 are the same as
steps S6 and S7, which are depicted in FIG. 11.

FIG. 14 is a sequence diagram illustrating operations that
are performed in accordance with the first embodiment of the
present invention by the mobile station UE1, the base station
eNB1, and the other base station eNB2, which operate in
accordance with the flowchart of FIG. 11. The mobile station
UE1 transmits the reference signal to the base station eNB1
(step S101). The reference signal may be transmitted to the
other base station eNB2, which cooperatively communicates
with the base station eNB1, at the same timing as the trans-
mission of the reference signal to the base station eNB1 or at
a different timing. The base station eNB1 estimates the chan-
nel performance of the mobile station from the reference
signal and notifies the other base station eNB2 of the result of
estimation. Further, the base station eNB1 not only transmits
information about the mobile station involved in the coopera-
tive communication to the other base station eNB2, but also
issues a notification to demand the channel performance of
the mobile station involved in the cooperative communica-
tion, which is estimated by the other base station eNB2 (step
S103). Next, the base station eNB1 receives the channel per-
formance of the mobile station involved in the cooperative
communication, which is estimated by the other base station
eNB2 (step S105). In accordance with the locally estimated
channel performance and the channel performance estimated
by the other base station eNB2, the base station eNB1 deter-
mines the band allocation for the mobile station UE1 involved
in cooperative communication. The other base station eNB2
and the mobile station UE1 involved in cooperative commu-
nication are then notified of the determined band allocation
(step S107). The mobile station UE1 transmits data in accor-
dance with the notified band allocation (step S109). The
transmitted data is received by the base station eNB1 and the
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other base station eNB2. This reception process is completed
by sharing the LLR and performing a combining process
(step S111).

The present embodiment has been described on the
assumption that each base station has one receive antenna and
that two mobile stations simultaneously use at least certain
frequencies. However, the present invention is not limited to
such a case. The present invention is also applicable to a case
where the number of receive antennas of each base station is
Txx(>1) and a case where the number of mobile stations that
simultaneously use at least certain frequencies is Tx+1 or
more. If, for instance, T,,=2 and three or more mobile sta-
tions are involved in cooperative communication, the band
allocations for the mobile stations involved in cooperative
communication are determined independently of the band
allocations for the other mobile stations. As a result, the
mobile stations involved in cooperative communication and
the mobile stations uninvolved in cooperative communication
use the same frequencies. It means that three or more mobile
stations use some identical frequencies.

When the present embodiment is applied to establish coop-
erative communication as described above, all base stations
do not need to maintain the orthogonality of mobile station
band allocations. This enables a cooperatively communicat-
ing wireless communication system to use frequencies effi-
ciently, thereby increasing the efficiency of frequency use.
Further, the inter-user interference caused by overlapping
band allocations is canceled by the reception process. This
makes it possible to reduce the influence on transmission
performance and provide an increased throughput.

[Second Embodiment]

An example, in which a transmission power parameter is
determined by cooperatively communicating base stations
when the band allocation for a mobile station involved in
cooperative communication and the band allocation for a
mobile station uninvolved in cooperative communication
overlap with each other in the frequency domain, is described
below.

FIG. 15 is a block diagram illustrating an exemplary con-
figuration of the mobile stations UE1-UEm according to a
second embodiment of the present invention. In the second
embodiment, the band allocation is performed as depicted in
FIG. 9 or 10, as is the case with the foregoing embodiment.
Although the mobile stations UE1-UEm have basically the
same configuration as those used in the foregoing embodi-
ment, the second embodiment differs from the foregoing
embodiment in that the second embodiment has a control
information receiver section 609 and a transmission process-
ing section 607, which differ from their counterparts used in
the foregoing embodiment, as depicted in FIG. 15. As the
transmission process performed by each mobile station is the
same as described in conjunction with the foregoing embodi-
ment, only the differences from the foregoing embodiment
will now be described with reference to FIG. 15.

The control information receiver section 609 receives con-
trol information, which includes a parameter concerning
transmission power in addition to the frequency allocation
information for data transmission, the modulation order, the
coding rate, and the coding method. The parameter concern-
ing transmission power is input to the transmission process-
ing section 607 and used when the transmission power is
amplified by a power amplifier (PA).

In a case where a dynamic scheduling scheme is applied,
the transmission power Py, (1) used for data transmission
by each mobile station is determined by the following equa-
tion:
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[Math. 1]

Pryscr=min{P cazx10 10g,6(Mpysczi) }+

P,_puscatOXPL+Arp(i (D)} (6]

In the above equation, min is a function that selects a small
value within { }. P, is the maximum permissible trans-
mission power of each mobile station. M, ,s/(1) is the num-
ber of RBs allocated to the i-th subframe. P, ;54 is nomi-
nal target reception power per RB. a is a cell-specific
parameter. PL. is a path loss. A (1) is a parameter based on the
modulation order and coding rate. f(i) is a parameter that is
transmitted from a base station to a mobile station for closed-
loop control purposes. i is the number of a subframe.

FIG. 16 is a block diagram illustrating an exemplary con-
figuration of the base station eNB1 according to the second
embodiment of the present invention that receives data trans-
mitted from a plurality of mobile stations. Only the difference
between the base station eNB1 according to the present
embodiment and the base station eNB1 according to the fore-
going embodiment will be described. The channel estimation
section 214 calculates the channel performance of each
mobile station from the separated reference signal. A control
information determination section 716 determines a param-
eterP, gz, whichcorrespondstoP, ». s in Equation (1),
in such a manner that each mobile station provides the nomi-
nal target reception power per RB.

The parameter concerning the transmission power of a
mobile station uninvolved in cooperative communication is
transmitted as is to a mobile station, as the control informa-
tion, together with the other control information such as the
modulation method, coding rate, band allocation, and the
like. However, the parameter concerning the transmission
power may be transmitted at a timing different from the
timing at which the other control information is transmitted.
Meanwhile, the parameter concerning the transmission
power of a mobile station involved in cooperative communi-
cation is transmitted to the other base station eNB2 through a
base station-to-base station communication section 720.
Therefore, a transmission power parameter P, ., calcu-
lated by a control information determination section 316 of
the other base station eNB2 is input to the control information
determination section 716.

The method of determining P, ,.scy in the present
embodiment will now be described. The base station eNB1
needs to set P, ;¢ 10 such a manner that a mobile station
achieves predetermined quality. Therefore, the following
equation is used to determine P, ppcpy so that all base sta-
tions eNB1, eNB2 providing cooperative communication
achieve nominal target reception power quality per RB:
[Math. 2]

@

where max is a function that selects a great value within { }.
However, when Equation (2) is used to determine the trans-
mission power parameter, the transmission power becomes
higher than required. Hence, in some situations, an uncoop-
eratively communicating base station may be significantly
interfered with. As such being the case, the value of the
average of P, 5, and P, 5> may be used as a modified
embodiment. Further, as another modified embodiment, the
values of a plurality of base stations may be weighted to use
the resulting value as the average value. In this case, for
example, the following equation may be used:
[Math. 3]

P, puscermax{P,_.np1 P, cnp2)

3

OxPy_onp1PXPs_onpo

where a+p=1.
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As described above, when the present embodiment is
applied to a case where the band allocation for a mobile
station involved in cooperative communication and the band
allocation for a mobile station uninvolved in cooperative
communication overlap with each other in the frequency
domain, each base station can achieve predetermined recep-
tion quality. This makes it possible to provide an increased
throughput.

[Third Embodiment]

An example, in which a unique method is employed to
determine a precoding scheme that a mobile station involved
in cooperative communication uses for multi-antenna trans-
mission purposes when the frequency-domain band alloca-
tion for the mobile station involved in cooperative communi-
cation overlaps with the frequency-domain band allocation
for a mobile station uninvolved in cooperative communica-
tion, is described below.

FIG. 17 is a schematic diagram illustrating a communica-
tion system according to a third embodiment of the present
invention in which cooperative communication is applied to
data transmission by a mobile station having a plurality of
antennas. In the example of FIG. 17, the mobile station UE3
has two transmit antennas and perform data transmission by
using a plurality of antennas. The base stations eNB1, eNB2
share respectively received data through optical fiber or the
like and detect a signal by combining the data. The frequency-
domain band allocations in a situation where cooperative
communication is established are nonorthogonal to each
other, as is the case the foregoing embodiment.

FIG. 18 is a block diagram illustrating an exemplary con-
figuration of the mobile stations UE1-UEm according to the
third embodiment of the present invention. Although the
number of transmit antennas is two in the exemplary configu-
ration depicted in FIG. 18, it may alternatively be three or
more. In the mobile stations UE1-UEm, a coding section 801
encodes transmission data bits and inputs the resulting
encoded bits to an S/P section 802. The S/P section 802
rearranges the encoded bits in the form of transmission bit
strings for the transmit antennas, and inputs the respective
transmission bit strings to modulation sections 803-1, 803-2.

The modulation sections 803-1, 803-2 modulate a plurality
of'encoded bit strings. FFT sections 804-1, 804-2, which are
respectively associated with the modulation sections 803-1,
803-2, convert the modulated encoded bit strings to fre-
quency-domain signals and input the frequency-domain sig-
nals to a precoding section 805. The precoding section 805
multiplies the inputs from the FFT sections 804-1, 804-2 by a
precoding matrix (PM) transmitted from a base station.

A candidate PM to be applied to a mobile station is prede-
termined between the transmitting and receiving devices and
converted to an index. Therefore, the base station transmits
the index to the mobile station by using control information
called precoding matrix indicator (PMI). Processes per-
formed in frequency mapping sections 806-1, 806-2, IFFT
sections 807-1, 807-2, reference signal multiplexing sections
808-1, 808-2, and transmission processing sections 809-1,
809-2 are the same as those described in conjunction with the
foregoing embodiment and will not be redundantly described.
Antennas 810-1, 810-2 transmit signals at the same time and
at the same frequency.

FIG. 19 is a block diagram illustrating an exemplary con-
figuration of the base station eNB1 according to the third
embodiment of the present invention. In the exemplary con-
figuration depicted in FIG. 19, two receive antennas are used.
Alternatively, however, three or more receive antennas may
be used. The base station eNB1 receives a signal with anten-
nas 901-1, 901-2 and inputs the received signal to reception
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processing sections 902-1,902-2. Processes performed by the
reception processing sections 902-1, 902-2 are the same as
those described in conjunction with the foregoing embodi-
ment. A separated reference signal is input to a channel esti-
mation section 914, whereas a data signal is input to a fre-
quency demapping section 903.

The channel estimation section 914 estimates the channel
performance (frequency response) between the transmit and
receive antennas and inputs the estimated channel perfor-
mance to a control information determination section 916.
From the channel performance, the control information deter-
mination section 916 determines the band allocation for each
mobile station, coding rate, modulation method, and other
control information required for data transmission. The deter-
mined control information and the channel performance input
to the control information determination section 916 are also
input to a precoding determination section 918. The precod-
ing determination section 918 determines a precoding
scheme from the input channel performance by using a later-
described method, and transmits the determined precoding
scheme to each mobile station at the same timing as the
transmission of the other control information or at a different
timing. The employed channel performance is estimated by
the channel estimation section 914 and the channel estimation
section of the other base station.

The frequency demapping section 903 separates the sig-
nals received by the antennas in accordance with user-specific
band allocation information and inputs the resulting signals to
soft canceler sections 904-1 to 904-x. The soft canceler sec-
tions 904-1 to 904-» process the same process on the signals
received by the antennas as described in conjunction with the
foregoing embodiment and input the resulting outputs to
received signal demodulation sections 905-1 to 905-z,
respectively.

FIG. 20 is a block diagram illustrating the configuration of
the received signal demodulation sections 905-1 to 905-»
according to the third embodiment of the present invention.
As the received signal demodulation sections 905-1 to 905-»
have the same configuration, the received signal demodula-
tion sections 905-1 will now be described with reference to
FIG. 20. Signals received by a plurality of antennas are input
from the soft canceler section 904-1 to a signal separation
section 1001. The signal separation section 1001 performs
spatial filtering by multiplying the signal spatially multi-
plexed with respect to each receive antenna by an MMSE
weight and separates the resulting signal into a signal for each
transmit antenna.

IFFT sections 1002-1, 1002-2 respectively convert the
separated signals to time-domain signals. Demodulation sec-
tions 1003-1, 1003-2 calculate the LL.Rs of encoded bits by
using the input time-domain signals. A P/S section 1004
rearranges the LLRs output from the demodulation sections
1003-1, 1003-2 in an encoded bit sequence obtained by the
coding section 801.

The LLRs output from the P/S section 1004 are input to a
combining section 906-1. The combining sections 906-1 to
906-7 and decoding sections 907-1 to 907-z perform the same
process as described in conjunction with the foregoing
embodiment and input decoded bits to replica generation
sections 908-1 to 908-n. The replica generation sections
908-1 to 908-n perform the same process on the input
encoded bits as the process performed by the S/P section 802
in a mobile station. Subsequent processes are the same as
those described in conjunction with the foregoing embodi-
ment.

The process performed by the precoding determination
section 918 of a base station will now be described. The
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channel performance obtained by each base station is input to
the precoding determination section 918 of'a base station. The
channel performance of the k-th frequency of the i-th base
station is expressed by the following equation:

[Math. 4]
hoo(k) ho,1 (k) hine-1,0(k) 4
hio(k) hy,1 (k) 1,1 (k)
Hitk) = : : :
hne1,006) A1 (K) e Ay -1 (K)

where Nt is the number of transmit antennas and Nr is the
number of receive antennas.

The frequency response obtained at all base stations is as
follows:

[Math. 5]
Hy (5)
Hy
H= .
Hp

where L is the number of cooperatively communicating base
stations.

If PM used for multiplication at a mobile station is P, an
equivalent channel H' is expressed by the following equation:
[Math. 6]

H'=HP (6

Thus, an equalized signal R, is expressed by the following
equation:
[Math. 7]

Req:WMMSEH’S+n

M
where W, 1, /- is the MMSE weight, S is a transmitted signal,
and n is noise. Thus, an equivalent amplitude gain p is

obtained by the following equation:
[Math. 8]

U=WangseHP

®)

However, P is a precoding matrix and a matrix of N, rows
and N,z columns, and Ny , - is the number of transmitted
signals (also referred to as the number of ranks, the number of
layers, or the number of streams). Therefore, when two trans-
mit antennas are used to transmit the same signals, P is a
matrix of two rows and one column. When, on the other hand,
two transmit antennas are used to transmit different signals, P
is a square matrix of two rows and two columns.

The obtained equivalent amplitude gain p is a matrix of
Niine rows and Ny, columns. A vector [' obtained by
extracting a diagonal component is expressed by the follow-
ing equation:

[Math. 9]
w=[p(0),p(), . .. ©)]

where [1(1) is the equivalent amplitude gain of the i-th stream.

When the antennas of a mobile station transmit the same
signals, the precoding matrix P should be determined so that
the number of ranks is 1 and that the equivalent amplitude
gain (0) is maximized.

When, on the other hand, the antennas transmit different
signals, the SINR of each antenna needs to be calculated, and
SINRy(i) of the i-th stream is given by the following equation:

MV~ 1)]
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[Math. 10]

u(i) (10)

1= u®

Y@=

The precoding matrix P is then determined so that, for
example, the following equation is maximized:

Math. 11]

NRang 1 (1D

D, v

i=0

Alternatively, the precoding matrix P may be determined
s0 as to maximize Equation (12), which expresses the capac-

ity:

Math. 12]
Nrang—1 (12)
> log(yh+1)

i=0

As described above, when the present embodiment is
applied to a case where the band allocation for a mobile
station involved in cooperative communication and the band
allocation for a mobile station uninvolved in cooperative
communication overlap with each other in the frequency
domain, each base station can achieve predetermined recep-
tion quality. This makes it possible to provide an increased
throughput.

A program running in the mobile station device and base
station device according to the present invention is a program
for controlling, for instance, a CPU (a program that causes a
computer to function) in such a manner as to implement the
functions of the foregoing embodiments. Information
handled by these devices is temporarily stored in a RAM
when processed. The information is subsequently stored in
various types of ROM or on an HDD, and read, modified, or
updated as needed by the CPU. A recording medium for
storing the program may be a semiconductor medium (for
example, a ROM or a nonvolatile memory card), an optical
recording medium (for example, a DVD, an MO, an MD, a
CD, or a BD), a magnetic recording medium (for example, a
magnetic tape or a flexible disk), or the like.

When the program is loaded and executed, the functions of
the foregoing embodiments are implemented. In some cases,
the functions of the present invention may be implemented
when processing is performed in accordance with instruc-
tions issued by the program and in coordination with an
operating system or another application program or the like.
When the program is to be distributed to the market, the
program may be stored in a portable recording medium for
distribution purposes or transferred to a server computer
through a network such as the Internet. In such an instance, a
storage device of the server computer is included in the
present invention.

Further, a part or the whole of the mobile station device and
base station device according to the foregoing embodiments
may be typically implemented as an LSI, which is an inte-
grated circuit. Functional blocks of the mobile station device
and base station device may be individually implemented as a
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chip. Alternatively, a part or the whole of the functional
blocks may be integrated and implemented as a chip. Further-
more, circuit integration may be achieved by using a dedi-
cated circuit or a general-purpose processor instead of an L.SI.
Moreover, when a circuit integration technology is developed
due to an advanced semiconductor technology so as to newly
create an integrated circuit that supersedes an LSI circuit,
such a newly created integrated circuit may be used.

While the embodiments of the present invention have been
described in detail by referring to the drawings, the details of
the configuration according to the present invention are not
limited to those described in conjunction with the embodi-
ments. Design changes and other modifications falling within
the spirit of the present invention are also included within the
scope of the appended claims.

REFERENCE SIGNS LIST

UE1-UEm mobile station

101 coding section

102 modulation section

103 FFT section

104 frequency mapping section

105 IFFT section

106 reference signal multiplexing section

107 transmission processing section

108 transmit antenna

109 control information receiver section
eNB1-eNB4 base station

201 antenna

202 receiver section

203 frequency demapping section

204-1 to 204-# soft canceler section

205-1 to 205-z received signal demodulation section
206-1 to 206-z combining section

210-1 to 210-z decoding section

211-1 to 211-z replica generation section

214 channel estimation section

216 control information determination section

218 IUI extraction section

220 base station-to-base station communication section
301 antenna

302 receiver section

303 frequency demapping section

304-1 to 304-# soft canceler section

305-1 to 305-x received signal demodulation section
306-1 to 306-» combining section

310-1 to 310-z decoding section

311-1 to 311-z replica generation section

314 channel estimation section

316 control information determination section

318 IUI extraction section

320 base station-to-base station communication section
401 reception processing section

402 reference signal separation section

403 FFT section

501 equalizer section

502 IFFT section

503 demodulation section

607 transmission processing section

609 control information receiver section

716 control information determination section

720 base station-to-base station communication section
801 coding section

802 S/P section

803-1, 803-2 modulation section

804-1, 804-2 FFT section
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805 precoding section

806-1, 806-2 frequency mapping section

807-1, 807-2 IFFT section

808-1, 808-2 reference signal multiplexing section

809-1, 809-2 transmission processing section

810-1, 810-2 antenna

901-1, 901-2 antenna

902-1, 902-2 reception processing section

903 frequency demapping section

904-1 to 904-» soft canceler section

905-1 to 905-» received signal demodulation section

906-1 to 906-» combining section

907-1 to 907-» decoding section

908-1 to 908- replica generation section

910 IUI extraction section

914 channel estimation section

916 control information determination section

918 precoding determination section

1001 signal separation section

1002-1, 1002-2 IFFT section

1003-1, 1003-2 demodulation section

1004 P/S section

The invention claimed is:

1. A base station device applied to a communication system
in which a plurality of base station devices establish coopera-
tive communication with at least one mobile station device,
the base station device comprising:

a base station-to-base station communication circuit that
communicates with another base station device in a case
of establishing cooperative communication; and

a control information determination circuit that allocates a
band for communication use by the mobile station
device in such a manner that a signal received coopera-
tively by the another base station device and a signal
received uncooperatively by yet another base station
device overlap with each other at certain frequencies;

wherein signals are received h a smaller number of anten-
nas than a total number of signals allocated to the certain
frequencies in an overlapping manner.

2. The base station device according to claim 1, wherein a
signal of the mobile station device, which is received coop-
eratively by the other base station device, is shared with the
another base station device to perform a cancellation process.

3. The base station device according to claim 1, wherein a
signal allocated to the certain frequencies in an overlapping
manner is shared with another base station device to perform
a cancellation process.

4. The base station device according to claim 1, wherein, in
a case that a band for communication use by the mobile
station device is to be allocated in such a manner that a signal
received cooperatively and a signal received uncooperatively
overlap with each other at certain frequencies in another base
station device, the control information determination circuit
allocates the band for communication use by the mobile sta-
tion device so that the signal received cooperatively and the
signal received uncooperatively are orthogonal to each other
in a frequency domain.

5. The base station device according to claim 1, wherein, in
a case that a band for communication use by the mobile
station device is to be allocated in such a manner that a signal
received cooperatively and a signal received uncooperatively
overlap with each other at certain frequencies in another base
station device, the control information determination circuit
allocates the band for communication use by the mobile sta-
tion device so that the signal received cooperatively and the
signal received uncooperatively overlap with each other at the
certain frequencies.
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6. The base station device according to claim 1, wherein the
base station device calculates a transmission power parameter
that achieves predetermined reception quality in the mobile
station device, shares the calculated transmission power
parameter with another base station device, and notifies the
mobile station device of a maximum value of the transmission
power parameter calculated by each base station device.

7. The base station device according to claim 1, wherein the
base station device calculates a transmission power parameter
that achieves predetermined reception quality in the mobile
station device, shares the calculated transmission power
parameter with another base station device, and notifies the
mobile station device of an average value of the calculated
transmission power parameter calculated by each base station
device.

8. The base station device according to claim 1, wherein the
base station device not only calculates, in accordance with a
channel estimation signal received from a mobile station
device having a plurality of antennas, a frequency response of
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each of the plurality of antennas, but also shares the calculated
frequency response with another base station device and
determines a precoding scheme in accordance with the cal-
culated frequency response so as to maximize a signal-to-
interference-plus-noise ratio (SINR).

9. The base station device according to claim 1, wherein the
base station device not only calculates, in accordance with a
channel estimation signal received from a mobile station
device having a plurality of antennas, a frequency response of
each of the plurality of antennas, but also shares the calculated
frequency response with another base station device and
determines a precoding scheme in accordance with the cal-
culated frequency response so as to provide a maximum
capacity.

10. A mobile station device that establishes cooperative
communication with a plurality of base station devices by
using a frequency band allocated by the base station device
according to claim 1.



